Background: Few data are available on prescriber adherence to tuberculosis (TB) treatment guidelines. In particular, excessively long treatment carries a risk of avoidable adverse effects and represents a waste of healthcare resources. We examined factors potentially associated with excessively long treatment.
Background
Many practitioners fail to comply with clinical practice guidelines [1] . In the United States for example, one study showed that a quarter of physicians prescribed excessively lengthy tuberculosis (TB) therapy, even though many of them were aware of the relevant guidelines [2] . Likewise, a French study based on a self-questionnaire completed by practitioners compared actual practices with TB management guidelines [3] . These practitioners declared that they frequently prescribed lengthy treatments to patients with extrapulmonary TB. Such excessive treatment carries a risk of avoidable adverse effects and represents a waste of healthcare resources. Here we examined the frequency of and risk factors for excessively lengthy TB therapy among patients diagnosed in the eastern Paris region of France in 2004.
Methods

Patients
All patients diagnosed with Mycobacterium tuberculosis culture-positive TB (thoracic, pulmonary or pleural, and/or extrathoracic) between 1 January and 31 December 2004 in the eastern Paris region were considered for inclusion in this retrospective study. Sociodemographic and clinical data were collected from the medical files, as previously described [4] .
We excluded patients whose treatment period was not known, patients with multidrug-resistant TB (for whom the recommended treatment period is at least 18 months), and patients whose treatment was too short (less than 6 months of a four-drug regimen or of a three-drug regimen including pyrazinamide, or less than 9 months of a three-drug regimen without pyrazinamide). These latter patients are described in detail elsewhere, along with factors associated with excessively short treatment [4] .
The remaining patients were divided into those whose treatment period complied with contemporary guidelines and those whose treatment was excessively lengthy, taking into account the drug regimen and the form of TB.
Treatment duration according to international and French guidelines
WHO guidelines contemporary to the study recommended a 6-month four-drug regimen for newly diagnosed extrapulmonary and pulmonary TB [5, 6] . The corresponding French guidelines specified that treatment for minor forms of extrapulmonary TB should be as long as that for pulmonary TB, but a 9-to 12-month course could be prescribed for severe extrapulmonary or neuro-meningeal TB [7] . Based on the French guidelines, we considered that a 6-month four-drug regimen for pulmonary-TB and a 6-to 12-month course for extrapulmonary TB were in keeping with guidelines. In addition, 6 months of a three-drug regimen including rifampicin, isoniazid and pyrazinamide for patients with fully sensitive strains, and 9 months of a three-drug regimen without pyrazinamide were also considered to be in keeping with guidelines. In case of resistance to isoniazid, isoniazid was replaced by ethambutol and treatment could be extended to 12 months [5] [6] [7] . All other patients with no prior history of TB were considered to have received excessively lengthy therapy.
In 2003, WHO recommended an 8-month retreatment regimen with first-line drugs while awaiting drug susceptibility testing (DST) results for patients who had relapsed [5] . In France, DST being readily available and rates of MDR-TB being low, contemporary guidelines recommended prompt empirical therapy with first-line drugs while waiting for the results of DST: longer treatment for previously treated patients was not routinely recommended [7] . Based on French guidelines, we considered that a 6-month course of standard treatment was in keeping with guidelines in patients with fully sensitive strains who had previously been treated for TB.
As treatments rarely last precisely the recommended period in practice, periods of 167-213 days were considered to correspond to six months, 213-274 days to 6-9 months, 274-365 days to 12 months, and 366-543 days to 18 months.
The study protocol was approved by the Saint Antoine Teaching Hospital Ethics Committee.
Statistical analysis
We analyzed sociodemographic and clinical characteristics (age, sex, place of birth, socioeconomic status, previous TB, main comorbidities, form of TB, and drug resistance) and TB management modalities (specialty of the prescribing physician, the healthcare center(s) where follow-up took place, the type and number of healthcare structures involved in the management of individual patients, use of directly observed therapy (DOT), and computerized patient follow-up). A precarious socioeconomical situation was defined as the absence of health insurance and/or poor living conditions (e.g. homelessness, living in a migrant shelter, or living in a hostel). The number of healthcare institutions managing a given patient was defined as the number of different physicians or healthcare structures involved in the patient's follow-up (e.g. general practitioner, hospital department or convalescence unit).
Stata software version 8 (StataCorp LP, TX) was used for all analyses, and significance was assumed at p < 0.05. Fisher's exact test was used to identify significant differences between categorical variables, and the Wilcoxon-Mann-Whitney test was used for continuous variables. Logistic regression analysis was used to identify predictors of excessively lengthy therapy. All variables with p values ≤ 0.20 in univariate analysis were included in multivariate analysis, with backward elimination of the variables.
Results
A total of 721 cases of bacteriologically confirmed TB were diagnosed in the eastern Paris region in 2004. The medical files of 97 patients (13.4%) did not include the treatment duration follow-up data, or could not be found despite an active search, and 15 patients (2.1%) had a post-mortem diagnosis or were immediately lost to follow-up and therefore received no treatment ( Figure  1 ). Ten patients had multidrug-resistant TB, and 121 patients were treated for less than 6 months. The reasons for excessively short treatment were loss to follow-up (65 patients, 53.7%), treatment interruption (18 patients, 14.9%), transfer to another healthcare structure (14 patients, 11.6%) and death (24 patients, 19.8%).
This analysis focused solely on the remaining 478 patients, 316 (66.1%) of whom had a treatment duration in keeping with contemporary guidelines, and 162 (33.9%) received excessively lengthy therapy.
These 478 patients were managed in 19 healthcare structures, comprising 10 university hospitals, three general hospitals, a detention center, and five welfare centers, in respectively 68.7%, 21.5%, 1.1% and 8.7% of cases.
Median age was 36.0 ± 13.5 years, 68% of patients were male and 80% were born abroad. The main sociodemographic, clinical and management characteristics of the 478 patients included in the study are summarized in Table 1 according to the treatment duration (according to guidelines/excessive). TB was restricted to the chest in 279 patients (isolated pulmonary TB in 245 patients, pleuropulmonary TB in 13 patients, and isolated pleural TB in 21 patients), exclusively extrathoracic in 115 patients, and mixed in the remaining 84 patients.
The treatment durations for isolated thoracic TB and extrathoracic TB are detailed in Table 2 . Among the 279 patients with isolated thoracic TB, 107 (38.3%) had excessively lengthy therapy; 23 of these patients were HIV-seropositive, including a patient who received a three-drug regimen without pyrazinamide. Fifty-five patients with extrathoracic TB (27.6%) were treated for excessively lengthy periods (more than 12 months). Respectively 65.3%, 90.9% and 85.4% of patients with nodal, osteoarticular and disseminated forms were treated for excessively lengthy periods (more than 6 months). In univariate analyses (right part of Table 1 ), the following factors were associated with excessively lengthy therapy: isolated thoracic TB (p = 0.02), HIV seropositivity (p = 0.001), injecting drug use (p = 0.01), alcoholism (p = 0.004), previous TB (p < 0.0001), treatment by a physician other than a chest specialist (p = 0.002), and use of more than one healthcare structure during follow-up (p = 0.01). In multivariate analysis (Table 1) , isolated thoracic TB, HIV seropositivity, previous TB, a prescriber other than a chest specialist, and use of more than one healthcare structure during follow-up remained significantly associated with excessively lengthy treatment.
Discussion
In 2004, in the eastern Paris region of France, almost one-third of patients diagnosed with TB were treated for periods exceeding those recommended by contemporary French and WHO guidelines [5, 7] . These results are in keeping with some other recent reports. For example, a 2004 questionnaire-based survey of 66 prescribers of antituberculous treatment in France showed that pulmonary TB was treated for an average of 6 months, miliary and nodal forms for 9 months, and osseous forms for 12 months, [3] while the respondents recommended nine months of treatment (range 6-18 months) for HIV-infected patients with pulmonary TB. This tendency to treat for longer than recommended has also been reported in the United States, where one study showed that 28% of physicians exceeded the recommended treatment period [2] . Likewise, in India, 60.2% of prescriptions were for periods longer than necessary [8] .
The main consequences of excessively lengthy treatment are higher costs and more frequent dose- Valin dependent adverse effects, including peripheral neuropathies and liver toxicity, especially in patients with underlying liver disease [9, 10] . Moreover, prolonged treatment can have a negative impact on patient adherence, [10] thereby increasing the risk of selecting resistant strains. The reasons for these deviations from official recommendations are unclear. In France, possible reasons include the general tendency to overuse antiinfectives, the fear of not eradicating a potentially life-threatening infection, the fear of relapse, the incorrect belief that extrapulmonary TB is more difficult to treat than pulmonary TB, and simple unawareness of practice guidelines [3] . In our study, cases of MDR-TB cases were excluded, but drug susceptibility testing results were not available for nine patients who might therefore have been infected with MDR-TB, and the weight of these patients in the analysis results may be of concern. However, multivariate analysis excluding these nine patients yielded similar results, with the same variables remaining significant. When a control sputum smear is positive at the end of the intensive treatment phase, treatment prolongation might be warranted. However, French guidelines do not recommend such smear controls, except in the case of MDR-TB or if symptoms persist or reappear [7] . In our study, analysis of the medical reports confirmed that the practitioners had not prescribed such control smears. We found that infectious disease specialists were more likely than chest specialists to prescribe excessively long treatment, and that HIV-seropositive patients were also more likely to be prescribed excessively lengthy treatment (Table 1) . WHO 2003 guidelines and French guidelines and previous studies recommended that TB patients living with HIV should receive the same TB treatment duration as HIV-seronegative patients [5] [6] [7] 11] . However, infectious disease specialists often prefer to treat longer than recommended because they consider their patients more vulnerable, owing to their immunodepression and the relatively high frequency of disseminated TB and severe inflammatory forms [12] . A recent retrospective study of HIVseropositive TB patients showed that those receiving a six-month course of treatment had a higher risk of relapse than patients treated for longer periods [13] . Current (i.e. 2010) WHO guidelines specify that some experts recommend prolonging TB treatment for persons living with HIV [14] . Therefore, the excessively long treatment of HIV-infected patients in our study probably reflects the evolution of practices and guidelines.
A prior history of TB was also associated with excessively lengthy treatment (Table 1) , even though a sixmonth course is considered adequate for patients with fully sensitive strains [3] . Excessively lengthy treatment was more frequent among patients with isolated thoracic TB than among those with extrathoracic TB, but we found that a substantial number of patients with extrathoracic TB due to sensitive strains were treated for more than 12 months, conflicting with international guidelines and published data [5] [6] [7] . We did not consider a 12-month course excessive for extra-pulmonary TB, as international guidelines specify that "treatment can be prolonged to 9 or 12 months in case of severe extrapulmonary or neuromeningeal TB" [7] . However, contemporary French guidelines did not recommend special treatment for patients with extrathoracic forms [7] . Assuming that 6 months of treatment is adequate for all forms of extra-pulmonary TB, with the exception of neuromeningeal TB, more than half of the patients with nodal, osteaoarticular and disseminated forms received excessively long treatment in our study. Similar results have been obtained elsewhere, [2] calling for better training of prescribers or, alternatively, for treatment of these forms solely in specialized centers.
Patients who were managed in several healthcare structures were more likely to receive excessively long therapy. As the date of treatment initiation may not always be available for the second or third practitioner dealing with a given patient, these practitioners may prefer to err on the side of excessively long therapy. Centralized computer records for use by all national healthcare structures might improve the quality and conformity of patient care. Indeed, in a pediatric study, the use of computers improved the recording and compliance of management plans, although doctors found the system "too tedious to use during routine care" [15] . In France, such software has been shown to improve TB patient care and to reduce losses to follow-up [16, 17] .
To our knowledge, ours is the first study to analyze determinants of excessively lengthy TB treatment in a low-incident country. Most previous studies of TB patient management focused on patient-related factors involved in excessively short treatment, such as alcohol dependence, drug use, and precarious living conditions [18] [19] [20] . Our findings show that excessively lengthy treatments are mainly associated with patient management modalities. This is also the first study to examine actual treatment periods based on patients' medical reports rather than on an audit of physician practices [3] . This study is limited by its retrospective nature, including the fact that some patients were excluded because their files could not be found despite an extensive archive search. The study was conducted solely in the eastern Paris region, and included five of the French teaching hospitals that notify the largest number of TB cases (between 50 and 100 per year). Management practices might be somewhat different in smaller healthcare structures. However, it has been reported that physicians who treat few TB patients are less likely to be aware of TB management guidelines and that they tend to treat TB for far longer periods [21] .
Conclusion
This study shows that one-third of TB patients received excessively lengthy treatment in 2004 in the eastern Paris region of France. These results call for programs to improve physician awareness of TB management guidelines and to improve adherence to these guidelines, especially with respect to HIV-seropositive patients. A national tuberculosis control program launched in France in July 2007 aimed at proposing control strategies. In particular, monitoring of the treatment duration is expected to result in more appropriate treatment periods, in keeping with current guidelines [22] . Further evaluation of such data should allow us to detect the changes that have occurred since 2004.
